Lake sediments reflect conditions in the water column and can be used for rapid, integrative measurements of limnological variables. Examination of 2LoPb-dated cores from 12 Florida lakes of widely differing trophic state (expressed as Carlson's trophic state index: TSI) shows that net accumulation rate of organic matter is related to primary productivity in the water column. In 26 other lakes the activity of unsupported *l"Pb g-l organic matter in surficial sediments is inversely related to trophic state and, therefore, to organic accumulation rate. From this observation we develop a new method that uses fallout *l"Pb as a dilution tracer to calculate net sedimentary accumulation rates of any material in surface mud. We demonstrate strong relationships between net loss rates of biologically important materials (C, N, P, and pigments) and their respective water concentrations (expressed as TSI). Multiple regression models incorporating net sediment accumulation rates of all four variables explain up to 70% of the lake-to-lake variation of TSI. The 210Pb-dilution method has applications for studies of material cycling, paleolimnology, and sediment accumulation processes.
Loss of materials from the water column and their subsequent accumulation in the sediment is a poorly understood process. Until recently, there has been no direct and accurate method for measuring net flux of materials across the mud-water interface. Traps tend to misestimate sedimentation (Bloesch and Burns 1980; Bloesch and Evans 1982; Blomqvist and Hakanson 198 1) . Losses to sediments calculated by difference between inputs to the lake and outflow, or calculated by regression techniques, are subject to equilibrium assumptions and limited to allochthonous materials (Bachmann 1984; Jones and Bachmann 1976; Chapra and Reckhow 1983a ; Reckhow and Chapra 1983) . The resulting uncertainties have contributed to controversies over which particular approach is most appropriate for examining factors that govern such things as primary productivity (Edmondson and Lehman 198 1; Chapra and Reckhow 1983b; Lehman and Edmondson 1983) .
The 210Pb dating of sediment cores provides a direct measurement of accumulation rates. However, the procedure is tedious and dependent on the often subjective application of various dating models. Re-L This work supported by NSF grants DAR 79-248 12, EAR 82-14308, and DEB 82-11380. cent net accumulation rates have not been reported for timespans less than the last 30 years. In certain respects 210Pb dating is an art, with little standardization among laboratories and large uncertainties in details of applying the different models.
We propose using the 210Pb content of the upper layer of sediment of a given lake as a measure of the modern rate of accumulation. Once the accumulation rate of the bulk sediment is known, then the rates of any constituent can be calculated. In the rest of this paper we develop the rationale explaining the relationship between sediment accumulation rate and 2 'OPb concentration, demonstrate that the relationship occurs in a number of lakes in Florida with known sediment accumulation rates, and apply the method to a different suite of lakes to measure their present rate of sediment accumulation.
This application is different from the usual method of calculating accumulation rates from sediment cores in two ways. First, dates and accumulation rates calculated from 210Pb assay depend on the particular model used to describe the relationship between the rate of supply, the initial concentration, and the decay rate of 210Pb (Robbins 1978; Oldfield 1978, 1983) . Our model considers only the rate of supply, re-584 quires measurement of the initial concentration as the variable of interest, and ignores the decay rate (see assumption four below). It produces a measurement of accumulation rate over a shorter period than do core measurements, usually > 1 year but <5 years in Florida lakes. Sedimentation rates calculated from cores are usually expressed as the mean rate over the past 30-130 years and may not be strictly applicable to the most recent events in a lake. The new method is more rapid than dating an entire core, which may require 210Pb assay of 15-30 samples.
The single-sample method may be weaker than examination of a core for particular questions. Supported levels of 210Pb are not estimated by downcore measurements, but must be measured either by 226Ra activity, which can be misleading (Imboden and Stiller 1982) , or by using values obtained from similar, nearby lakes. Recent changes of sediment accumulation rates cannot be detected by the single measurement.
The second difference is that sediment accumulation rates are usually expressed in terms of total sediment. The total sediment includes many materials from many sources and at best only vaguely reflects organic processes that occur in the lake and its drainage basin. Our approach is concerned mostly with the effects of biological productivity. We express 210Pb concentrations and sedimentation rates in terms of both the total bulk sediment and of the organic fraction, with emphasis on the latter. The method can be applied to questions of inorganic sedimentation, e.g. accumulation rates of metals, or to other sedimentary constituents, e.g. animal and plant remains.
The hypotheses we test are first, that the accumulation rate of organic matter is directly related to primary productivity of a lake; and second, that the specific activity of 210Pb, expressed per unit organic matter, in surficial sediments is inversely related to the accumulation rate of organic matter. 2 l"Pb is supplied from outside the lacustrine system (which includes the drainage basin) at a constant flux. The accumulation rate of organic matter derived from within the lake and its drainage basin is determined by the availability of nutrients and energy. The 210Pb concentration of the surface muds is thus a function of the accumulation rate of organic matter, since higher rates of organic accumulation dilute the 210Pb. The first hypothesis is supported by the work of Birch et al. (1980) who measured accumulation rates, calculated from 21 OPbdated cores, of bulk sediment and total phosphorus in four lakes of different productivity in Washington State. Here we essentially repeat their study on 12 Florida lakes, including reinterpreted data for two cores described by Thompson (198 l) , and report similar results. The second hypothesis, which is in part an assumption of the constant rate of supply (CRS) model of Oldfield (1978, 1983) and Robbins' (1978) type 2 model, is supported by data presented in figure 3b of Appleby and Oldfield (1983) . We test this hypothesis by a cross-sectional study of 26 Florida lakes. Accumulation rates of organic matter, total C, total N, and total P are calculated by a 210Pb-dilution model and shown to be related to trophic state, or in case of N and P, to water concentration of the element.
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Geochemistry of 210Pb
226Ra exists everywhere in rocks, soils, and water. Upon alpha decay it forms 222Rn, a gas. A portion of the 222Rn is lost from the soil or water into the atmosphere where a particular atom has a mean residence time of about 4-5 days (Turekian et al. 1977) . 222Rn then decays, through a number of very short-lived isotopes, to 210Pb, a particulate solid which is quickly adsorbed to aerosol particles and is readily scavenged from the air (Robbins 1978; Turekian et al. 1977) .
The flux of 210Pb to sediments in most lakes appears to be determined almost solely by the flux across the air-water interface, with negligible supply from tributaries or terrestrial sources (e.g. Krishnaswami et al. 197 1; Robbins and Edgington 1975; Benninger et al. 1975; Dillon and Evans 1982) . The residence time of 210Pb in the water is usually very short relative to that of the water itself (Schell 1977; Durham and Joshi 1980) . Once incorporated within the solid phase of the sediment, the 210Pb is somewhat resistant to redistribution (Davis et al. 1984) . Small quantities of 210Pb are produced within lake sediments by decay of 226Ra. This fraction is called "supported"
210Pb. Unsupported 210Pb is that fraction delivered to the sediments from atmospheric fallout.
Assumptions of the model
We assume first that 210Pb fallout is equal to 0.50 pCi cm-2 yr-1 (about the global average- Turekian et al. 1977; Nozaki et al. 1978; Appleby and Oldfield 1983 ) and homogeneous over the Florida lake district in both space and time, and second that 210Pb is adsorbed onto fine particles and sedimented at the same rate as atmospheric fallout. If these sediments are suspended and redeposited elsewhere in the basin, the associated 210Pb is also transported. Our third assumption is that the extent of mixing and redeposition by benthic organisms and physical processes is similar from lake to lake, and our fourth is that the uppermost l-2 cm of sediment were deposited over a timespan that is short relative to the halflife of 210Pb .
The first assumption requires both temporal and spatial homogeneity of 210Pb fallout. Fallout rates calculated from total unsupported 2 l"Pb in a number of cores from Florida lakes do not vary consistently with either geography or trophic state, so no bias is introduced by assuming spatial homogeneity. For future work we recommend that the 210Pb fallout rate be measured by independent means such as profiles from nearby, undisturbed soils (Nozaki et al. 19 7 8) . Temporal variation (annual resolution over the last 100 or so years) is difficult to test, although examination of laminated lake sediments may help.
If the second assumption is true, then the location of a sample in a lake is unimportant. The concentration of 210Pb per unit dry matter will be the same everywhere in the lake. A single measurement suffices as an estimate of the mean modern organic accumulation rate for the entire lake. A well planned sampling grid (Parkhurst 1984) of surficial sediments would test the assumption and provide data with which to calculate accumulation rates if the assumption fails. However, a historical perspective on the total, lakewide sediment accumulation rate would require many core samples.
Any mixing of the upper few centimeters of sediment lowers the 210Pb concentration at the mud-water interface. The greater the depth of mixing, the lower the apparent concentration and higher the apparent sediment accumulation rate. Eutrophic Florida lakes are typically shallow and probably subject to physical disturbance of the upper sediments (e.g. Pollman 1983 ). On the other hand eutrophic lakes accumulate sediment faster, so the mixing depth may represent less time and therefore smaller diminution of 210Pb by decay. In short, this assumption is problematic and not examined here.
In the case of the fourth assumption, the measured activity of 210Pb will be an underestimate if the sample was deposited over a significant period, and the sediment accumulation rate will be overestimated. The error is proportional to the fraction of the half-life represented by the surface slice. For example, if the slice represents 2.3 years of accumulation ( 10% of the half-life of 210Pb), the 2 1 OPb concentration will be 3.5% too low due to radioactive decay. The time represented by the slice is not estimated by our method, and is not important for lakes with moderately high sediment accumulation rates. For studies requiring high precision, dated cores must be examined, and a largediameter sampler is required to recover enough material from the thinnest possible section representing more than 1 year of accumulation.
Methods
In conjunction with another study, we collected surficial muds from 26 lakes representing a wide variety of limnological conditions (Fig. 1) . The top 2 cm of sediments were collected with an Ekman grab from a central deep area. The samples were inspected, and only undisturbed sediment-water interfaces were retained for analysis. Other lakes were cored with a 1.8-m plasticbarrel piston corer for 210Pb dating and downcore chemical and biological analyses.
The trophic state of each lake is expressed by the trophic state index (TSI) of Carlson (1977) . Each index is a logarithmic (base 2) transformation of lake nutrient concentrations or phytoplankton biomass as expressed by Chl a concentration. The log values are then adjusted to equal scales. We calculated TSIs for this paper using the median values of many measurements of Chl a, total P, and total N (from an equation by Kratzer and Brezonik 198 1) taken over about a decade in each of the lakes. The limnological data are available from the Florida Water Resources Research Center (University of Florida). TSI is a measure of potential biomass production, not actual productivity.
Measurements of productivity are unavailable for all but a few Florida lakes, so we chose TSI as a proxy measure. The correlation between TSI and productivity has been demonstrated (Vollenweider 1975; Baker et al. 198 1) .
After a 14-month delay to allow ingrowth of the polonium granddaughter, 210Pb in cores and surficial samples was assayed by the method of Eakins and Morrison (1978) as slightly modified by Norton et al. (pers. comm.) . 'We modified the procedure further by using polished copper planchettes instead of silver. Recovery of the 208Po spike was about 8 5-l OO%, which is equal to that of silver planchettes. Analyses of identical samples by two laboratories has shown no statistically significant differences between counts of 210Po despite slightly different techniques (unpubl. data).
Water content and organic matter were measured by mass loss at 100°C and 5 50°C (Dean 1974) . Total C was measured with a LECO induction furnace. Total N was analyzed by a modified Kjeldahl digestion (Nelson and Sommers 1972) and an autoanalyzer. Total P was measured by digestion in 1 N HCl after ignition for 2 h at 550°C (Andersen 1976) , then read spectrophotometrically after treatment with ascorbic acidammonium molybdate reagent (Am. Public Health Assoc. 1975 ). Pigments were extracted by measuring absorbance at 665 nm and subtracting a baseline calculated by linear interpolation between absorbances at 550 and 750 nm. In this study, 1 SCDU (sedimentary chlorophyll degradation unit) is equal to an absorbance of 0.1 in a 1 -cm cell with extractant volume taken to 100 ml.
The influence of rapidly increasing human disturbances on Florida lakes has caused sediment accumulation rates to increase. Consequently, we are restricted to a single model of dating cores by 210Pb. Only the constant rate of supply (CRS) model of Appleby and Oldfield (1978) , also used by Robbins (1978) , can quantify changing sediment accumulation rates. There are weaknesses in the CRS model, including an assumption of no mixing of sediments (for a CRS model that incorporates mixing see Appleby and Oldfield 1983 ; see also Oldfield and Appleby 1984 ) and a bias toward too-old dates for deposits > 100 years old (Robbins 1978; D. Parkhurst pers. comm.; M. W. Binford unpubl. data) . However, the use of the model is justified by the ageequivalence of disturbance horizons established by pollen analysis and 210Pb dates (Binford and Snodgrass 1983) and calculation of atmospheric flux of 210Pb from integrated unsupported 210Pb in the cores (Appleby and Oldfield 1983; Oldfield and Appleby 1984) .
Supported levels of 210Pb are best determined by assay of 226Ra, assuming secular equilibrium.
However, because of the possible lack of equilibrium of 226Ra and supported 210Pb (El-Daoushy 1982; W. E. Belch pers. comm.; Imboden and Stiller 1982) and difficulties in measuring 226Ra in our labo- Fig. 3 . Dilution of 210Pb by organic sedimentation. TSI-Chl a is directly related to accumulation rate of organic matter, which in turn dilutes the concentration of 210Pb in sediments of more eutrophic lakes. K, C, KS, T, and J-lakes Kingsley, Clay, Kissimmee, Tsala Apopka, and Josephine (see text). Crosses-core-top samples of six of the lakes with 2LoPb-dated cores and adequate Chl a measurements, except Lake Parker(P). ratory, we assume that supported 210Pb activity (pCi g-l& in cores is equal to the downcore asymptote. The supported levels in surface samples, for which we have no downcore data, are then set equal to the average supported levels measured in lakes that have been cored. The average supported activity of nine cores is 0.80 pCi g-l d,.,,, with a range of 0.66-l .Ol. The mean value is subtracted from the total activity of each sample to arrive at the unsupported level. This treatment affects the accuracy of the unsupported 210Pb determination.
The lake-to-lake variance of unsupported 210Pb may be increased or decreased, but the direction is unknown.
Consequently, the regression variance of specific activity of 210Pb vs. trophic state is distorted in an unknown manner. The lake most likely to be influenced by anomalous supported levels is Parker, which has had a considerable amount of phosphate mining in its drainage basin. Overburden from phosphate mining in Florida is rich in 238U and should be a source of 210Pb produced within the sediments. However, as is shown here, un-supported 210Pb in Lake Parker sediments has one of the smallest 210Pb-vs.-TSI regression residuals of any lake, which implies negligible influence from uranium sources. Figure 2 shows the relationship between trophic state (as TSI Chl a) and accumulation rate of organic matter in dated cores. The value for organic accumulation rate is calculated from the uppermost horizon, equivalent to S-10 years, in the cores. Even with > 60% of the variance of TSI explained by net organic accumulation rate, examination of a couple of outliers is instructive. The sediments of Lake Minnehaha (M on Fig. 2 ), which has an accumulation rate much lower than expected, consist of a largegrain sand which probably causes a rapid mechanical decomposition of organic matter. The mean percent organic matter for 97 other Florida lakes is about 40% (Brenner and Binford unpubl. data): Lake Minnehaha has only 8.6%. Lake McCloud (MC on Fig. 2) , with a higher rate of organic accumulation than expected, may have become more acidic in the past decade (pH about 4.8 in 1980: Brezonik 1983) , which may lead to a reduction in the rate of normal decomposition processes (Hendrey et al. 1976; Traaen 1980; McKinley and Vestal 1982; Mitchell et al. 198 1; see also Kelly et al. 1984) . The first hypothesis, that accumulation rate of organic matter is related to trophic state, is supported.
Results
To test the second part of the hypothesis properly, we examined surface muds from 28 other lakes plus surface samples from six of the cored lakes. Although the variance is greater than before, the relationship between 2JoPb concentration per gram organic matter and trophic state is still clear (Fig.  3) . 210Pb derived from atmospheric fallout is diluted by faster sediment accumulation in more eutrophic lakes.
The statistics associated with Fig. 3 were calculated on the set of lakes after removal of five obvious outliers which there are sound limnological reasons to disregard. One of the lakes (Josephine-J on Fig. 3 ) with low 210Pb content per unit organic matter is surrounded by marshy wetlands. Marshy drainage basins are probably the source of a large fraction of the sedimented organic material. The other 210Pb-deficient lake, Tsala Apopka (T on Fig. 3) , consists of several. hundred small basins connected by shallow water. Limnological and sediment data were probably gathered from different subbasins.
The three lakes enriched with 210Pb are located in uranium-rich geological forma-. tions (Clay and Kingsley-C and K on Fig.  3 ) or have such a low percentage of organic matter that any measurement is subject to large error (Kissimmee-KS on Fig. 3 has < 1 .O% organic matter in the sediment). The first argument is perhaps weakened because several of the lakes in uranium-rich areas are not outliers. The most notable is Lake Parker, discussed above.
Application
If, as we have assumed, 210Pb fallout is homogeneous over space and time in Florida, then the accumulation rate of organic sediment in any lake can be calculated by the equation:
where Sorg is the accumulation rate of organic matter (g cm-2 yr-l), Pore is the proportion of organic matter in bulk, dry-phase sediment (g g-l), F210,,,, is the flux of fallout 210Pb (pCi crnm2 yr-I), and A is the activity of 210Pb in the sediment sample (pCi g-l dry). The only unknown is F-the flux of fallout 210Pb. No measurements have previously been made in the lake district of Florida, although atmospheric concentrations of uranium daughter radionuclides have been measured intermittently (W. E. Belch and C. A. Roessler pers. comm.). We used the mean value of reported 210Pb fluxes in the eastern and central U.S.A. (0.50 pCi cmw2 yr-1 - Table 2 in Nozaki et al. 1978) as the atmospheric load in Florida and found that the accumulation rate of organic carbon in all 34 lakes is directly related to trophic state (Fig. 4) ; this also supports the second hypothesis.
Virtually all the carbon in Florida lake sediments is organic (Brenner and Binford unpubl. data). Carbonate-rich lakes are not as common as usually supposed, despite the Relationship between organic accumulation rates (as carbon, g m-2 yr-I) and trophic state. If the assumption of horizontally homogeneous 210Pb fallout is true, this figure is a necessary consequence of the relationship in Fig. 3 . Crosses as in Fig. 3. underlying limestone bedrock. Furthermore, total C in sedimentary organic matter is nearly a constant 54% in 97 lakes we have examined. Consequently, carbon accumulation rate and organic accumulation rate are essentially the same thing.
From Fig. 4 on, we express the TSI-sedimentary variable relationships plotting TSI on the y-axis. We do not imply a cause-effect relationship. In future studies we will apply the regression equations to measurements of accumulation rates in cores to calculate historic TSI values. Although the proper statistical approach may seem to be model 2 regression, which allows error in both X and Y variables, we use model 1 regression because our ultimate goal is to make predictions. Model 2 regression is not appropriate for making predictions (Sokal and Rohlf 198 1) . The relationships between water-column and sedimentary variables remain clear.
The average atmospheric flux, over the time represented by a core, can be estimated from the total unsupported activity (Appleby and Oldfield 1978 and Oldfield , 1983 . The estimate is possibly unreliable because sediment focusing can concentrate or deplete the total 210Pb at a given site. Despite this problem, the average estimate from nine Florida lake cores is 0.46 pCi cm-2 yr-I, which agrees well with other measurements in North America. We do not use the new value, which would change the accumulation rates by only 8%. No correlation would be affected.
Once bulk sediment accumulation rates are calculated and the elemental composition of bulk sediment has been measured, the accumulation rates of each biologically important variable can be calculated. Accumulation rates of all three variables (N, P, algal pigments) are significantly related to the appropriate measures of TSI (Fig. 5) . The linear model relating TSI-N to N deposition rate is very effective (Fig. 5A) . If the three outliers (Apopka, Yale, and Sheelar-A, Y, and S on Fig. 5A ) are removed, the regression model explains 73% of the variance of TSI-N. Apopka is a wide, shallow lake in which a large proportion of the sediments is subject to resuspension and nutrient loss (Pollman 1983) . Agricultural activities along the shoreline may also contribute large amounts of nitrogenous fertilizer to the water column. Sheelar is small (7 ha), deep, and steep-sided with a very small drainage basin. Yale is a wide, shallow lake with a marshy drainage basin. We do not know why their N accumulation rates are much greater than expected for TSI-N.
The phosphorus relationship is different from that of nitrogen (Fig. 5B) . The regression for all 34 lakes is statistically significant, but explains only a third of the variance of water concentration. With four lakes removed from the analysis, the r2 is increased. The four outliers are all in regions with phosphate-rich bedrock and much of the P in their sediments is probably in large particulate, mineral form. When delivered to the lake by erosional processes, these particles do not stay in suspension nor do they dissolve (see Prepas and Vickery 1984) , SO that much of the sedimentary P is undetected in the water and has never been available for primary production.
These lakes thus display very high measured P accumulation rates relative to the P concentration in the water.
The relationship between TSI-Chl a and accumulation rate of sedimentary chloro-phyll degradation products (SCDU) is statistically significant, but has little predictive power (Fig. 5C ). Sedimentary pigments are subject to many diagenetic reactions depending on the nature of a lake and its sediments and may even be produced in situ (Brenner and Binford unpubl. data). We do not necessarily expect a strong relationship. No specific lakes can be designated outliers.
One of our objectives with this research is to develop transfer functions for the paleolimnological prediction of former TSI values. The same transfer functions are also usable for calculating modern TSI values in a limnologically unstudied lake by measuring only the sedimentary accumulation rates of C, N, P, and SCDUs. The multiple regression analysis uses TSI for Chl a, total N, and total P as dependent variables and the accumulation rates of C, N, P, and SCDUs as multiple independent variables (Table 1 ). The proportion of variance of each TSI explained by multiple regressions is substantially improved over models using sedimentary concentrations as independent variables (Brenner and Binford unpubl. data). Multiple regression explains more of the variance in TSI-Chl a than the simple, one-variable TSI prediction, but does not add much explanatory power to the simple regressions for TSI-N or TSI-P.
Discussion
We have shown that the accumulation rate of organic matter and nutrient elements in a suite of Florida lakes increases with trophic state and that 216Pb, which is sup- plied predominantly from atmospheric fallout, is diluted by faster organic accumulation in the more productive lakes. The process of 210Pb dilution is an assumption of the CRS model, and our results support the use of the model in these lakes.
The inverse relationship between 2 l"Pb content of surface sediments and trophic state is statistically significant. When all 34 lakes are considered, trophic state explains about a third of the variation of 210Pb concentration per gram organic matter. By removing three outliers (Tsala Apopka, Kissimmee, and Josephine), the regression model explains half the variance. Several factors not addressed by our assumptions probably contribute to the unexplained variance. First, TSI and primary productivity are not the same thing. TSI is an index of algal biomass or nutrient concentration, both of which may express potential productivity in the water column. Primary productivity, on the other hand, is the rate of organic production and is one of the major processes directly influencing net organic accumulation. The TSI values in our analysis were calculated from medians of observations taken at different times of year over about a decade. At best, the TSI values crudely approximate long term measures of open water algal biomass and nutrient concentrations.
TSI values ignore other components of lacustrine primary productivity, including macrophytes (Canfield 1983; Canfield et al. 1983 ) and epiphytic and epipelic algae. However, these primary producers contribute to the sedimentary organic matter. Finally, some of the sedimentary organic matter is of terrestrial origin and also unaccounted for by TSI measurements.
The 210Pb dilution method has applications in several areas of limnology. In studies of nutrient cycling and budgeting, losses to sediments have been estimated indirectly. The new method provides a direct measurement of net loss of materials by examination of their accumulation rate in the sediment. Net loss is emphasized, because transfer of material from the sediments to the water occurs under certain physical and chemical conditions. Conditions of regeneration are usually seasonal, anoxia in summer or sediment resuspension during mixing. Most regenerated material in lakes with long water residence times ultimately is returned to the sediments and buried. The 210Pb dilution method provides a measure of material accumulation integrated over several years.
If, as is the case in many lakes in Florida, there is no outlet, then all material input to the lake must ultimately be buried in the sediments or lost from the lake in a gaseous phase. For phosphorus, which has no gaseous phase, the rate of loss to the sediments must equal the loading rate, assuming a medium term steady state of water concentration.
Engineering models used for evaluation of trophic state contain several terms that have previously been unmeasured (Chapra and Reckhow 1983a; Reckhow and Chapra 1983) . Deposition velocity, often termed v, relates the water concentration of a nutrient, usually P, to its rate of loss (or accumulation) to sediments. Now, by directly measuring P loss to sediments, v(P) is calculated easily. Often v(P) is assumed to be constant for many lakes for cross-sectional studies. Different morphometries and redox conditions probably affect deposition velocity. With explicit measurements, the changing v(P) can be included in models.
A second term, J represents the proporiments older than 150 years. This latter tion of P (either from loading or lake concentration, depending on the particular Imethod is contingent on several questionable assumptions discussed earlier and model) lost to the sediments (Piontelli and Tonolli 1964; Vollenweider 1975) . A specific term, the fraction of influent P retained in the lake, Rp of Dillon and Rigler (1974) , when examined over several years, describes the loss to the sediments. The 210Pb dilution method provides the empirical measurement of the loss rate.
Measurement of accumulation rates of sedimentary constituents at the mud-water interface provides a new tool for paleolimnology. Most paleolimnological inference is based on material concentrations or relative abundances of particular fossils. Concentration is a valid measurement only if bulk sedimentation rate has not changed. Relative abundances are based on a closed statistical universe. Interpretation of various changes of proportions necessarily omits many interesting questions.
Paleolimnological use of accumulation rates of fossils has been hampered because there has been no way to define modern analogs. The ecological significance of a particular accumulation rate is unknown. Extensive application of the 210Pb method can produce statistical transfer functions (sensu Sachs et al. 1977 ) that relate fossil flux to lake productivity, chemical characteristics, macrophyte coverage, lake levels, and other features of paleolimnological interest. Whether one is studying a single lake intensively or is interested in cross-sectional generalizations, these applications are all dependent on an accurate determination of supported 210Pb levels in lake sediments. For more intensive studies of single lakes, the horizontal distribution of sedimentation patterns (from studies of short cores) and other components of material cycling must also be known. We recommend that in all cases future studies incorporate independent measurements of atmospheric flux, preferably from soil profiles taken near the lakes. Despite problems of 222Rn diffusion, 226Ra assay for each sample should be done to determine supported levels. Alternatively, each lake should be cored and supported levels determined by several measurements of 210Pb activity per gram dry mass on sedshould be used with great care.
Although we have demonstrated that the flux of materials to sediments is more closely related to water concentrations than is the concentration of the material in the sediments, we have not demonstrated that the specific activity of 210Pb in surficial sediments and sedimentation rate are necessarily related by cause and effect. To do so requires more research into whether the method extends to other geographical areas, the mechanisms of 2 l"Pb adsorption onto particles, the movements of 210Pb once in the lake, the fraction of sediments with which the 210Pb is associated, and factors affecting residence times of 210Pb in the water. The controversy between the CIC and CRS models may be resolved by these studies and perhaps stems from the fact that proponents of the respective models work in very different kinds of lakes. It is possible that limnological features, especially morphometry and hydrology, have a strong influence on the movement of 210Pb-bearing particles from the water to the sediments. These factors along with several others (Oldfield and Appleby 1984) must be understood before truly accurate models for 210Pb dating and applications will be practicable.
